The occurrence of gastroesophageal reflux disease (GERD) is known to be associated with lower post-treatment lower esophageal sphincter pressure in patients with achalasia. This study aimed to elucidate whether GERD after pneumatic balloon dilatation (PD) has a prognostic role and to investigate how the clinical course of GERD is.
Introduction
Achalasia is a primary esophageal motor disorder of unknown etiology in which there is degeneration of neurons in the wall of the esophagus leading to absence of peristalsis and impaired relaxation of the lower esophageal sphincter (LES).
1,2 The symptoms of achalasia are dysphagia for solids and liquids, regurgitation of undigested food, respiratory symptoms (nocturnal cough, recurrent aspiration and pneumonia), chest pain and weight loss. 3, 4 Achalasia is not curable, which leads to be a chronic condition. Currently pneumatic balloon dilatation (PD), surgical myotomy, per-oral endoscopic myotomy (POEM) and botulinum toxin injection have been performed as initial treatment for achalasia depending on patient's condition and center expertise. [4] [5] [6] [7] All these treatment options aimed at reducing the elevated pressure of LES. 1, [8] [9] [10] However, the LES hypertonicity returns over time and repeated interventions are needed. Gastroesophageal reflux disease (GERD) may occur due to disrupted LES after PD as well as after surgery and POEM. [11] [12] [13] [14] Then, the occurrence of GERD after treatment might be a prognostic factor for a favorable long-term outcome in patients with achalasia. This study aimed to determine whether GERD after PD has a prognostic role for recurrence free survival (RFS) in patients who received PD for achalasia and to investigate how often GERD occurs in achalasia patients who undergo PD and how the clinical course of GERD after PD is.
M aterials and M ethods

Patients
This retrospective study included data from a total of 82 consecutive patients who were diagnosed with primary achalasia and with no previous history of PD, botulinum toxin injection, surgical myotomy or POEM at Samsung Medical Center, Seoul, Korea between January 2002 and December 2010. The diagnosis of achalasia was made based on the results of the radiographic, endoscopic and manometric studies according to accepted published criteria. 1 All patients underwent PD as the initial treatment. The patients were divided into the 2 groups: (1) who developed GERD after PD (GERD group) and (2) who did not develop GERD after PD (non-GERD group) during follow-up. GERD was defined as pathologic acid exposure (PAE), reflux esophagitis or typical reflux symptoms. PAE was defined as an intra-esophageal pH of ＜4 for more than 4.0% of the recording time of 24-hour pH monitoring. Reflux esophagitis was defined by esophagogastroduodenoscopy (EGD). Typical reflux symptoms were defined as heartburn and/or acid regurgitation. Heartburn was described as "a burning sensation rising from the lower chest up toward the neck," and acid regurgitation was described as "regurgitation of acidic fluid from the stomach or lower chest to the throat." 15 However, the patients with both reflux symptoms and dysphagia concurrently were not included into GERD group. The study was conducted according to the principles of the Declaration of Helsinki and approved by the Institutional Review Board at Samsung Medical Center, Seoul, Korea (No. SMC 2013-11-032).
Initial Evaluation and Follow-up
The pretreatment evaluation consisted of symptom assessment, EGD, esophageal manometry and 24-hour pH monitoring. Symptoms were scored using the Eckardt score, which is the sum of the scores for dysphagia, regurgitation and chest pain on a scale from 0 to 3 (0 = absent, 1 = occasional, 2 = daily and 3 = each meal) and weight loss (0 = no weight loss, 1 = ＜ 5 kg, 2 = 5-10 kg, 3 = ＞ 10 kg). The total score ranges from 0 to 12 points. Recurrence was defined as recurred or aggravated symptoms of achalasia requiring additional treatment together with compatible radiographic, endoscopic and manometric study results during follow-up.
Patients underwent EGD, esophageal manometry and 24-hour pH monitoring 1 month after the initial treatment and yearly thereafter and at the time of symptom recurrence.
Esophageal Manometry
Esophageal manometry was conducted with the patient in the supine position, using an eight-lumen polyvinyl manometric tube with 4 distal side holes and 4 proximal holes situated 5-cm apart (ESM38R; Armdorfer Medical Specialties, Greendale, WI, USA). The manometric tube was transnasally introduced, and then slowly withdrawn in 1-cm increments by station pull-through in order to measure the LES resting and residual pressures. The LES relaxation was evaluated with wet swallows of 5 mL of water. Completeness of relaxation was assessed via measurements of residual LES pressure as compared with resting LES pressure. Peristalsis was assessed by positioning at least three pressure sensors situated at 5-cm intervals within the body of the esophagus. The distal sensor was positioned at a level 3-cm above the LES and a series of 10 wet swallows was conducted. From September 2008, esophageal manometry was conducted using the high-resolution manometry (HRM) system (Sandhill Scientific Inc., Highlands Ranch, CO, USA) in a standard manner. The HRM probe has 32 circumferential pressure sensors spaced 1 cm apart. The HRM probe was transnasally introduced and positioned with about 5 intragastric sensors.
Ambulatory 24-hour Esophageal pH Monitoring
Twenty-four hour pH monitoring was performed using a 2.1-mm monocrystalline pH catheter equipped with 2 antimony electrodes (Synectics, Irving, TX, USA). The pH catheters were calibrated at 37°C in standard buffer solution at pHs of 7 and 1 (Fisher Scientific, Fairlawn, NJ, USA), both before and after monitoring. The catheters were introduced transnasally, in order to position the sensors 5-cm above the upper border of the manometrically determined LES. The pH electrodes were connected to a portable digital data recorder (Mark II Gold; Synectics), which stored pH data every 4 seconds, for up to 24 hours. Patients returned home with instructions to keep a diary recording symptoms, meal times, time to bed and waking time. Patients were encouraged to do normal daily activities with no dietary restrictions. Patients returned the next day (after 18-24 hours) to have the probes removed and the diaries reviewed. Esophageal acid exposure values (percentage of time pH ＜ 4) were calculated with a commercial software program (EsoPHogram, version 5.70C2; Gastrosoft, Irving, TX, USA). From January 2006, for 24-hour pH monitoring, a portable data logger (Sandhill Scientific Inc.) connected to a single-use combined impedance and pH probe (Sandhill Scientific Inc.) was used. Data analysis was performed using the BioView MII software (Sandhill Scientific Inc.).
Pneumatic Balloon Dilatation
PD was performed under fluoroscopic guidance with the use of a Rigiflex dilator (Boston Scientific, Boston, MA, USA). All of the patients fasted overnight and received topical anesthesia for the pharynx and intravenous midazolam and/or pethidine. The balloon of the dilator was positioned at the gastroesophageal junction under the guidance of the fluoroscope. It was then inflated until a minimum pressure of 10 psi was achieved, with the waist remaining in a stable position. Dilatation was conducted with the aim of maintaining this pressure for 2 minutes and obliterating the waist of the balloon. Single PD was performed using a 3.0 cm balloon.
Study Endpoint
The primary endpoint was recurrence of achalasia during follow-up. We defined RFS as the time from the first PD to the date of symptom recurrence. For RFS, patients without recurrence were censored at the last follow-up visit. Early recurrence was defined as any recurrence that occurred within 3 years after the initial PD and late recurrence as 3 years or more.
Statistical Methods
Statistical analyses were conducted using PASW Statistics 18 for Windows (SPSS, Inc., Chicago, IL, USA). Shapiro-Wilk test was performed for normality. The statistical results are presented as mean ± SD, median (interquartile range) or number of patients (%). Continuous variables were compared parametrically using Student's t test or non-parametrically using the MannWhitney U test. Categorical variables were compared using the χ 2 -test or Fisher's exact test as appropriate. Wilcoxon's signed ranks test and Student's paired t test were used to evaluate changes of LES pressure and LES relaxation after PD, respectively. One-way ANOVA and Kruskal Wallis test were used to compare changes of LES pressure and LES relaxation after PD between the two groups. The drop of LES pressure was defined as the % change (decreased) of LES pressure after PD. RFS was calculated using the Kaplan-Meier method and compared using the log-rank test. A two-sided P-value ＜ 0.05 was taken as statistically significant.
Results
Patients
Two patients who did not have follow-up and one patient who developed esophageal cancer during follow-up were excluded from this study. Finally, a total of 79 consecutive patients were included in the current study. 63 patients underwent conventional manometry, while 16 underwent HRM at the time of making a diagnosis. Of them, 36 patients (45.6%) were male and the mean age was 44.2 ± 15.8 years. The median initial Eckardt score was 6 (4-9) and the median duration of symptoms before treatment was 3 months (2-9 months). Twenty-one patients (26.6%) were diagnosed with GERD during follow-up after PD. Sixteen patients were diagnosed with GERD by PAE or reflux esophagitis while 5 were diagnosed with GERD by typical reflux symptoms. The median time of diagnosis of GERD was 8 months (2.0-20.4 months). Baseline characteristics of the 2 groups are shown in Table 1 . There are no significant differences between the two groups regarding age, gender, body mass index, initial Eckardt score, duration of symptoms before treatment, pre-treatment LES pressure and pre-treatment LES relaxation.
Treatment Short-term Outcomes
All enrolled patients showed symptom improvement after PD. There was no perforation after PD. Post-treatment LES pressure was measured in 66/79 patients (20 in GERD and 46 in non-GERD group). The LES pressure decreased from 39.9 mmHg (28.7-50.3 mmHg) to 28.1 mmHg (17.6-34.9 mmHg) after PD (P ＜ 0.001). The LES relaxation increased from 66.7 ± 17.7% to 81.7 ± 18.5% (P ＜ 0.001) after PD. Post-treatment LES pressure variables of the 2 groups are shown in Table 2 . The change of LES pressure variables after PD was analyzed using available paired data. In GERD group, the LES pressure decreased from 41.7 mmHg (24.4-51.5 mmHg) to 29.2 mmHg (20.8-37.8 mmHg) (P = 0.018, Wilcoxon's signed ranks test with available data) and the LES relaxation increased from 62.6 ± 17.4% to 83.5 ± 16.5% (P = 0.001, Student's paired t test with available data) after PD. In non-GERD group, the LES pressure decreased from 39.7 mmHg (29.2-50.3 mmHg) to 25.3 mmHg (16.4-34.6 mmHg) (P ＜ 0.001, Wilcoxon's signed ranks test with available data) and the LES relaxation increased from 68.3 ± 17.7% to 81.0 ± 19.4% (P = 0.001, Student's paired t test with available data) after PD. Decrease of LES pressure and increase of LES relaxation did not differ between the 2 groups (GERD group vs. non-GERD group; 8.9 mmHg (-0.7-20.7 mmHg) vs. 13.8 mmHg (5.7-26.4 mmHg), P = 0.149, Kruskall Wallis test and 20.7 ± 20.8 vs. 12.9 ± 21.0, P = 0.239, One-way ANOVA, respectively). The drop of LES pressure also did not differ between the 2 groups (GERD group vs. non-GERD group; 20.4% (-2.8-66.5%) vs. 42.4% (14.5-56.3%), P = 0.370, Kruskall Wallis test).
Treatment Long-term Outcomes
During a median follow-up of 17.8 months (7.1-42.7 months), recurrence was occurred in 19.0% (n = 15). There was no significant difference in terms of recurrence between the two groups by using the Kaplan-Meier method (P = 0.205, log rank test; Figure) . In addition, age, gender, body mass index, initial Eckardt score, duration of symptoms before treatment, pre-treat- ment LES pressure, pre-treatment LES relaxation, post-treatment LES pressure, post-treatment LES relaxation, decrease of LES pressure, drop of LES pressure and increase of LES relaxation were not associated with recurrence. Among the 15 patients with a recurrence of achalasia, 13 underwent second PD. In case of early recurrence (n = 8, median 19.0 months, range 4.5-47.2 months), second PD was performed with a 3.5 cm balloon and the all patients showed symptom improvement after treatment. In case of late recurrence (n = 5, median 81.9 months, range 42.6-96.3 months) all patients also showed symptom improvement even after PD with a 3.0 cm balloon.
Among the 21 patients in GERD group, one patient was not followed after detection of GERD and 2 were not followed after starting proton pump inhibitor (PPI) use. In the remaining 18 patients, 14 had symptom relief on maintenance PPI therapy including on demand therapy (n = 1), 2 were able to discontinue PPI therapy and 2 did not receive PPI therapy due to asymptomatic mild erosive esophagitis.
Discussion
Currently performed treatment modalities cannot cure achalasia. 2, 16 As such, each treatment aims to reduce the pressure gradient across the LES. 1, [8] [9] [10] 17 Both PD and surgical myotomy are well-recognized modalities to disrupt LES for treatment in achalasia with comparable effectiveness. 18, 19 Recently developed POEM is also effective in lowering LES pressure, but requires longer follow-up and needs to be compared with PD or surgical myotomy. 17, [20] [21] [22] The most popular protocol of PD is a graded dilatation starting with a 3.0 cm, followed by 3.5 cm and then 4.0 cm balloon, in subsequent sessions balloon. 23 In our institution, a single dilatation with a 3.0 cm balloon is performed as the initial treatment and additional PD is performed according to an "on demand" strategy, based on symptom recurrence during follow-up. Even after a single PD, GERD often occurs. The occurrence of GERD is known to be associated with lower post-treatment LES pressure. 24, 25 We therefore hypothesized that GERD after PD could have a prognostic role for RFS in patients who received PD for achalasia. In addition, we investigated how often GERD occurs in achalasia patients who undergo PD as an initial treatment, what factors are associated with the occurrence of GERD and how the clinical course of patients with post-PD GERD is.
In the current study, 21 patients (26.6%) were diagnosed with GERD after PD during follow-up. Between the GERD and non-GERD groups, there was no significant difference in demographic or clinical factors including pre-and post-treatment manometric results. Thus, a fourth of patients undergoing PD, even a single dilatation with a 3.0 cm balloon, are expected to experience GERD regardless of demographic or clinical factors. The incidence of GERD after PD has been reported to range from 4% to 35%. 9, 11, 12, 24, 26 This wide range of incidence seems to stem from various different definitions used to make a diagnosis of GERD. In a prospective study by Novais and Lemme, 24 they reported the incidence of gastroesophageal reflux (GER) of 31% using 24-hour pH tracing analysis to distinguish true GER patterns from other findings due to esophageal food fermentations. In the current study, there might be also little possibility that patients showing abnormal 24-hour pH monitoring findings due to food fermentation were erroneously included into GERD group. However, we did not include patients with concurrent dysphagia into GERD group and the patients suspicious of recurrence underwent other radiographic, endoscopic or manometric studies. Thus, we minimized the possibility of an erroneous inclusion of recurred patients into GERD group. Among the 12 patients who were diagnosed with GERD by PAE, 11 had available esophagographic data at the time of detection of PAE. Four patents had neither significant esophageal dilation nor passage disturbance on esophagography and 6 had improved and mild dilated (＜ 4 cm) esophagus with mild passage disturbance. Remaining 1 patient had improved but moderately dilated esophagus (4-6 cm) together with PAE at the follow-up time of 1 month after PD. However, this patient did not have PAE before PD. Taken together, we believe that the incidence of GERD in the current study could reflect its true incidence.
On the contrary to our hypothesis, RFS of achalasia did not differ according to the occurrence of GERD. In patients who underwent PD, GERD occurring during follow-up is not a prognostic factor but a complication to be controlled. Although the time of diagnosis of GERD needs to be uniform to play a proper role in predicting outcomes, we could not do that in this retrospective study. Therefore, we performed additional analysis after excluding patients who developed GERD over 12 months after PD from GERD group. However, the incidence of recurrence did not differ consistently between the 2 groups even after the exclusion (data not shown). In the current study, all patients with GERD showed resolved or reduced reflux symptom with PPI therapy. This finding also supports that GERD detected in this study is from the true GER. To date, several studies have addressed predictors of outcome of PD. 27 Age, gender, esophageal body diameter, balloon diameter, pre-and post-treatment LES pressure and timed barium esophagogram are factors useful to predict outcome of PD, however these depend on the type of protocol and dilator used. [28] [29] [30] [31] [32] [33] Therefore our results also need to be interpreted in the context of a single PD protocol used. We performed the first PD with a 3.0 cm balloon to avoid a procedure-related perforation, resulting in no perforation. There have been several reports showing a good long-term outcome of graded dilatation with progressively increasing balloon size. 23, 28, 34 However, we did not routinely perform a subsequent PD with a larger balloon without an insufficient symptom relief. Instead, we performed the second PD in case of symptom recurrence requiring additional treatment with objective findings compatible with a recurrence. The size of balloon used was determined according to the time of recurrence. In case of early recurrence less than 3 years after the initial PD, a 3.5 cm balloon was used. However, in case of late recurrence, PD with a 3.0 cm balloon was repeated except one patient who recurred 47.2 months after the initial PD and received the second PD with a 3.5 cm balloon. All of the patients who underwent the second PD had satisfaction for symptom relief. Although the efficacy of PD strategy is out of the scope of this study, our data suggest that the "on demand" strategy after a single PD with a 3.0 cm balloon is effective and safe for treatment naïve patients with achalasia.
In our results, post-treatment LES pressure was measured in 66/79 patients (20 in GERD and 46 in non-GERD group). The median LES pressure significantly decreased from 39.9 mmHg (28.7-50.3 mmHg) to 28.1 mmHg (17.6-34.9 mmHg) after PD. Ghoshal et al 35 have reported 22.5 mmHg as a best cut-off value of post-treatment LES pressure differentiating responders and non-responders after PD. However, among the current study patients, only 28 patients (43.9%) showed post-treatment LES pressure within 22.5 mmHg even though they all showed symptom improvement. This discrepancy might stem from the different definitions used in the each study. In the study by Ghoshal et al, 35 response to PD was defined as a decrease in dysphagia score to 0 or 1 and/or total symptom score to ≤ 3 on follow-up visit after PD. However, we evaluated the symptom response by subjective satisfaction for symptom relief. In addition, GERD occurred after PD in a significant number of patients and post-treatment LES pressure did not differ between the 2 groups. These observations suggest that the development of GERD in achalasia patients received PD is not associated with post-treatment LES pressure but rather associated with combined multiple factors which are affected by PD. The current study had some limitations. First, the retrospective design may have introduced selection bias and underreporting of reflux symptoms. However, the presence or absence of reflux symptoms was well described in medical records. On the other hand, GERD could have been masked by PPI use for other symptoms. Among the 58 patients of non-GERD group, 5 took half dose PPI intermittently for their dyspeptic symptoms. There was no recurrence of achalasia in these patients. After excluding these 5 patients from the study, we re-analyzed the data but the results did not change regarding the comparison of RFS between the 2 groups (data not shown). Second, the study population was rather small and the follow-up duration was limited to draw firm conclusions. In the current study, to test the difference of RFS with a significant power between the 2 groups, several hundred patients were necessary with this follow-up time because there were many censored patients at an early follow-up time. This seems that some patients with improvement after treatment might not want to visit a clinic regularly further because there were also some patients who revisited clinic due to symptom recurrence after a certain period of follow-up loss. This made it difficult to conduct the current retrospective study with a good power. To overcome this limitation, a large prospective study with a strict real time data management is needed. Until then, however, our results would be of worth because this is the first study to determine whether GERD during follow-up after PD predicts the recurrence of achalasia. In addition, the current study includes data from 24-hour pH monitoring, which is considered the best diagnostic method for GER. In addition, we provided overall outcomes of a single PD with a 3.0 cm balloon with an "on demand" strategy. In conclusion, GERD occurs after even a single PD for achalasia in a significant number of patients. However, GERD after PD is well responsive to PPI therapy. Our data suggest that GERD during follow-up after PD does not have a prognostic role.
